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| NTRODUCTI ON

The purpose of this study was to evaluate the use of
infrared (I R) thernography and ground penetrating radar (GPR)
to find del am nati ons and de-bondi ng on concrete bridge decks
with an asphalt concrete overlay and nenbrane.

Presently a comon nethod to eval uate concrete bridge
decks is by “chaining;” dragging a series of steel chains
across the deck and using the human ear to detect sound
di fferences between solid concrete and del am nated concrete.
When an asphalt concrete overlay is placed on a concrete
bri dge deck, chaining is still used, but is nuch |ess
effective in locating delamnations in the Portland cenent
concrete bridge deck. A process is needed that can accurately
find and identify possible delam nations of the concrete
bri dge deck and de-bonding of the asphalt concrete overl ay.

As the asphalt concrete overlays becone thicker, the need for
a better process becones greater.

A study conducted on the Pol k- Qui ncy viaduct in 1993 used
infrared thernography and ground penetrating radar to identify
subsurface anonal i es; de-bonded areas and del am nati ons.

The results fromthis study wll be conpared to data from
ot her surveys to determ ne how accurately infrared
t her nography and GPR find and identify subsurface anonali es.

WORK PLAN

The plan of study for this project called for three
di fferent surveys of the entire bridge deck, one standard
survey by the geotechnical unit, one using an infrared (IR)
t hernographic unit and a third using ground-penetrating radar
(GPR). The first survey was perfornmed by the KDOT bridge deck
survey crew previous to the placing of the asphalt concrete
overlay. The second would use a vehicle nmounted IR



t hernographic unit to | ocate de-bonded and del am nat ed

| ocations. The IR survey was perfornmed in two different
manors. Initially the IR equi pnent was nounted on a m nivan
and two | anes were eval uated at one pass per lane. The

eval uation of the other two |anes was performed by nounting
the IR equipnment on a lift truck that read two | anes per pass.
The third survey used a GPR unit that read narrow strips of
the bridge deck at two-foot intervals across the deck.

To determne the reproducibility of the test nethod, it
is intended to have both the IR thernographic and GPR surveys
conducted again in five years (1998). An attenpt to conpare
the data fromthe two surveys will be nade. The purpose of
the conparison will be to determne the reproducibility of the
surveys and determne if bridge deck deterioration can be
tracked by use of this technol ogy.

H STORY

The Pol k- Qui ncy 1-70 viaduct, bridge nunmber 70-89-361.33
(026), was constructed in 1963. The structure is 3,373 feet
I ong and consists of 30 spans of reinforced concrete box
girder and 9 spans of steel welded plate girder. The
structure is separated into 12 units, with each unit being
conti nuous construction.

A two-inch high-density concrete bridge deck overlay was
applied in 1981. In Septenber 1989, a Ceol ogy bridge deck
survey was conducted, but only partially conpleted. This was
due to |-70 pavenent re-construction and the placenent of a
wat er proof geotextile (petromat) nenbrane and 1.5 inch BM 1B
asphalt concrete overlay on the bridge deck. About 65% of the
deck surface area had been checked for delam nations prior to
the asphalt concrete overlay placenent. The north |ane of the
east bound | anes was cl osed for construction of the overlay and
could not be investigated. Approximtely 30% of the area



i nvestigated was del am nated. Delam nations were found to be
above, at and below the level of the top mat of reinforcing
steel. Delam nations are hollow plane areas bel ow the surface
of the concrete. Fifty-eight, two inch dianeter cores were
extracted as part of the 1989 st udy.

The Research Unit conducted a |imted eval uation of the
el ectrical resistivity of the nenbrane-pavenent systemin
1992. Standard test nethod ASTM D 3633 was used. The purpose
of the measurenents was to evaluate the continuity of the
wat er proof geotextile nmenbrane, which is bonded to the asphalt
concrete overlay and the concrete bridge deck. Two
measurenents were taken at 10 foot intervals along the Iength
of the south |lane of the westbound | anes; one at 4 and one at
12 feet north of the bridge centerline.

In 1993, EnTech Engineering, St. Louis, MO conducted an
infrared thernographic and ground penetrating radar study of
100% of the bridge deck surface area for subsurface anonalies.
One subsurface anomaly is de-bonding, which is a separation of
t he asphalt concrete overlay material fromthe concrete deck.
In a de-bonded area, one would expect to find a hole, tear, or
other formof deterioration in the petromat nenbrane, which
woul d al |l ow water to accunul ate between the nenbrane and the
bri dge deck. Another subsurface anomaly is delam nation; this
is asplitting of the concrete, which is a result of the
forces exerted on the concrete by the expansion of the
corrosion products when the reinforcing steel corrodes |eaving
a hollow plane in the concrete bridge deck. Entech defined
del am nation as partial depth and full depth. Partial depth
was del am nation occurring above the |evel of the top mat of
reinforcing steel. Full depth was a del am nation occurring
at, or below the level of the top mat of reinforcing steel. A
total of 20.7% of the area of the bridge deck was found to
contain subsurface anonalies. Two percent of which was de-



bonded, 4.8% was partial depth delam nations and 14. 0% was
full depth del am nati ons.

In 1996, the Pol k-Qui ncy viaduct was cl osed to repl ace
t he expansion joints between the units, in addition, sone
m nor patching, nostly near the joints, was perfornmed. Both
west bound | anes were closed first and then both eastbound
| anes. After patching and repairs were conpleted a
conventional seal using lightweight aggregate (CML) and a
pol ymeri zed emul sion was applied to the surface. A Research
Unit crew checked sel ected areas for de-bondi ng by soundi ng
t he pavenent with hamers and using the human ear to detect
sound differences. A hollow sound represented de-bondi ng
bet ween the asphalt concrete overlay and the concrete deck.
Wiile the entire bridge deck was not eval uated, the areas
surveyed were based on de-bonded areas indicated by EnTech in
1993 and areas of low electrical resistivity of the menbrane-
pavenent systemfromthe 1992 Research Unit study.

METHODS OF DETECTI NG BRI DGE DECK SUBSURFACE ANOVALI ES

The traditional nmethod used to detect bridge deck
del am nations, “chaining,” is described in ASTM D 4580. Note
that this nmethod works well on concrete bridge decks but has
limted accuracy on bridge decks with asphalt concrete
overlays, and the only type of subsurface anomaly it can
detect is a delam nation. The depth of the defect bel ow the
surface cannot be determ ned unless a core sanple is renoved.
Del am nat ed areas are marked off on the bridge deck and then
drawn on a form having the | ayout of the bridge deck surface.
An approxi mate percentage of the total area delam nation is
t hen det er m ned.

I nfrared thernography is a non-destructive, non-contact
way of converting the bridge deck's tenperature rel ated
infrared heat energy into visible inmages. An IR scanner



converts heat energy into an electric signal, which is then
turned into a thermal picture by a mcroprocessor. The
scanner can be person or vehicle mounted. The thermal image
is displayed on a conputer screen in either a gray scale,
rangi ng fromblack to white, or a color scale. Each different
shade represents a tenperature range, which can be as w de or
narrow as the user selects. Note that this nethod, unlike the
chai n draggi ng procedure, can be used on concrete bridge decks
wi th an asphalt concrete overlay. A skilled infrared
t her nographer can interpret the pictures to detect subsurface
anomalies. One limtation of this procedure is that the
thermal image shows only a top view. The |ocation of the
subsurface anomaly can be described only on the two-
di mensi onal surface of the pavenent. The depth of the defect,
the third dinension required to | ocate the exact position in
t hr ee-di nensi onal space, is not known. A second limtation is
that the climatic conditions nust be such that the scanner can
determ ne the differences in the bridge deck tenperature. The
structure nust be warm enough to radiate heat in a w de enough
band for the scanner to detect.

Ground penetrating radar provides the depth of the
subsurface anomalies, and together with the infrared
t her nographi ¢ study, gives the exact |ocation of pavenent
defects in three-di nensional space. The GPR utilizes an
el ectromagneti c pul se of about one nanosecond sent through an
antenna coupled to a transceiver. The pulse travels through
the bridge deck and reflects off of surfaces representing
discontinuities in electrical properties. These include the
asphalt concrete/Portland cenent concrete interface, top and
bottomreinforcing steel, deck top and bottom de-bonded
areas, and del am nations. The GPR pul ses are echoed back to
t he receiver, which mani pul ates the pulses. They are then
recorded on a data tape and displayed in real-time on a col or



monitor. Subsurface conditions are determ ned by changes in
the signal anplitude, which is related to each material's
dielectric property, and the tine el apsed between the signal
transm ssion and return.

One limtation of GPRis that, in general, it can only
detect one defect at any given |ocation. As the
el ectromagnetic pul se travels through the bridge deck and
strikes an anomaly, nost of the pulse's energy is reflected
back to the receiver. Only a small anmount of el ectronmagnetic
energy is transmtted through the defect. For exanple, if a
pul se struck a de-bonded area, the anount of energy passing
t hrough the de-bonded area would be so small that a
del am nation directly bel ow the de-bonded area woul d not
likely be found. The energy reflected fromthe second defect,
t he del am nati on, would probably be too snmall to be detected
or positively identified as com ng froma del am nation

COVPARI SON OF THE 1993 ENTECH | NFRARED THERMOGRAPHI C
AND GROUND PENETRATI NG RADAR STUDY TO THE
1989 GEOTECHNI CAL UNI T SURVEY

Conparison of the results of the two studies is
difficult. In an ideal situation, the EnTech infrared
t her nogr aphi ¢ and ground penetrating radar study woul d have
been conducted i medi ately after the 1989 overlay and
CGeot echnical Unit survey, and that study woul d have covered
100% of the bridge deck surface area. In reality, there was a
four-year time span between the two surveys. The geotextile
menbrane and 1.5 inch asphalt concrete overlay were applied
after the Geotechnical Unit survey and before the EnTech
st udy.

There are, however, sone valid conparisons that can be
made. The nost accurate would involve the cores extracted
fromthe bridge deck. Fifty-eight, two inch dianeter cores



were renoved as part of the 1989 Geotechnical study. Fifty-
seven, or 98.3% were consistent wth the chai ned del am nati on
map of the bridge deck. For exanple, where a core indicated a
del am nation, the 1989 delam nation map reflected a
delam nation in the sanme area fromwhich the core was
extracted. The one core that did not agree with the map
contai ned a del am nation that was not found by the chaining
met hod. These results show that the chai ning nethod used to
find delamnations is very accurate. One could extrapol ate
that the bridge deck delamnation map is very accurate al so.

One woul d expect that where the del am nated cores were
removed as part of the 1989 Geotechnical study, the 1993
EnTech survey would find a delam nated area. The subsurface
anomal ies that were present at the tinme of the 1989 study
woul d al so be present when EnTech perfornmed the eval uati on.
The group of 58 cores renoved in 1989 contained 36 cores with
del am nations. O these 36, EnTech's infrared and radar study
identified 10, or 27.8% as containing subsurface anonali es.

Six cores were extracted as part of the 1993 EnTech
| ¥ GPR study to calibrate and confirmthe results of the
infrared thernographic and GPR survey. The cores were renoved
fromthe westbound | anes, and were |ocated within 225 feet of
the west end of the structure. Four of the six cores
confirmed the results of the IRFGPR study. O the four, one
cont ai ned no subsurface anomalies, and three indicated ful
depth delam nations in the concrete. The two core sanples
that did not agree conpletely with the survey contai ned both
de-bonding and a full depth delamnation in the concrete. The
| RF GPR study found only the full depth delam nation in the
concrete in the areas where these cores were renoved.

The bridge deck map of del am nations generated by
EnTech's survey was conpared to the delam nation map fromthe
1989 Ceotechnical Unit study. EnTech found 32.4% of the



del am nated areas that the Geotechnical Unit discovered. The
del am nations that were present at the tine of the 1989

CGeot echni cal study would al so be present when EnTech perfornmed
the evaluation. Delam nations were found in 1993 that were
not found in 1989. These were likely due to further bridge
deck deterioration that resulted fromthe four-year tine

di fference between the studies.

ELECTRI CAL RESI STIVITY OF THE MEMBRANE- PAVEMENT SYSTEM
1992 RESEARCH SURVEY

Rel ating electrical resistivity nmeasurenments to de-
bondi ng of the asphalt concrete overlay fromthe concrete
bridge deck is difficult. Electrical resistivity is an
i ndi cator of how i nperneable the nenbrane is to water. Wile
ASTM D 3633 specifies how to take the neasurenents, it does
not provide for a nethod to interpret the data. |In fact, the
evaluation is quite subjective. For exanple, criteria from
Spel I man and Stratfull uses the follow ng resistivity val ues,

R (kW/ft?), to classify the state of the menbrane separating
the Portland cenment concrete fromthe asphalt concrete

overlay: 0 < R £ 100 (poor), 100 < R £ 500 (questionable), and
R > 500 (excellent). Wien 50% of the data readings are bel ow

500 kW/ft?, the useful life of the menbrane is considered to
have been exceeded and the nenbrane and overlay shoul d be
repl aced. Derived by different individuals, there are several
nmet hods of classifying the condition of the menbrane based on
resistivity values. The best way to use this information is
to nmonitor, over tine, the changing resistivity values on a
given bridge deck. There is no direct correlation between
resistivity and de-bondi ng, although one m ght expect | ow
resistivity values in de-bonded areas.

As nmentioned in the History section, the resistivity
readi ngs neasured in 1992 by the Research Unit, a total of



702, were all taken in the south | ane of the westbound | anes.
They represented 25% of the bridge deck overlay surface area.
Usi ng Spell man and Stratfull criteria, the readings, as they
relate to the integrity of the nmenbrane, are classified as
follows in Table 1.

Resistivity range, R | nunber of
(kKW/ft?) readi ngs | percentage cat egory
0 < RE 100 463 66. 0% poor
100 < R £ 500 100 14. 2% guestionabl e
R > 500 139 19. 8% excel | ent

Table 1. Cdassification of all Resistivity Values Using
Spel l man and Stratfull Criteria.

The de-bonded areas identified by EnTech in 1993
over | apped sone of the 1992 resistivity readings. |If the de-
bonded areas identified by EnTech were evenly distributed
across the asphalt concrete overlay of the entire bridge, then
25% of the total de-bonded area would fall in the area of the
resistivity neasurenents. One of four |anes was neasured for
resistivity. There were 48 of 702 resistivity readings that
overl apped wth the EnTech de-bonded areas.

resistivity range, R | Nunmber of
(kKW/ft?) readi ngs Per cent age cat egory
0 < RE 100 29 60. 4% poor
100 < R £ 500 10 20. 8% guestionabl e
R > 500 9 18. 8% excel | ent

Table 2. Cassification of Resistivity Readings that Overlap
wi th EnTech Identified De-bonded Areas.



This represented 762 ft2, or 18.3%of the 4,167 ft? total
de- bonded area of the entire bridge, which had a total surface
area of 209,789 ft2 Again using Spellman and Stratful
criteria, the readings, as they relate to the integrity of the
menbrane, are classified as shown in Table 2. The
distribution of resistivity readings is nearly the sane in the
areas that EnTech identified as de-bonded as it is for all of
t he dat a.

COVPARI SON OF THE 1993 ENTECH | NFRARED THERMOGRAPHI C AND
GROUND PENETRATI NG RADAR STUDY TO THE 1996 RESEARCH SURVEY
The 1996 Research study to check for de-bonded areas did
not cover the entire bridge deck. It did, however, cover al
of the areas where EnTech found de-bonding in 1993. Wen the
two studies were conpared, the 1996 Research Unit survey found
57.6% (by area) of the de-bonded areas identified by EnTech.

CONCLUSI ONS

Whet her or not the infrared thernography and GPR were
accurate in finding and identifying subsurface anomalies is
uncertain. Perhaps the infrared thernography and GPR are not
finding all of the delam nated and de-bonded areas. When the
results fromthe 1993 IR/ GPR study are conpared to those of
previ ous surveys, there are discrepancies. The infrared
t her nogr aphi ¢ and ground penetrating radar study did not find
a significant anmount of the subsurface anomalies identified
using traditional nethods. This is not to say that infrared
t her nography and GPR are of little value and inaccurate.
| RF GPR are the only nethods (except for cores) for finding
subsurface anomalies that give the depth of the del am nation
or de-bond. The fact that the Pol k- Qui ncy Vi aduct has been
overlaid with both concrete and asphalt, and is in a general
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state of deterioration may have made it difficult to obtain
good results.

The reason why the results of this IR GPR eval uati on and
the traditional nmethods of detecting subsurface anomalies do
not have better correlation is unclear. There are many
vari abl es that nake a direct conparison difficult. Before the
two-inch concrete overlay in 1981, the concrete bridge deck
was mlled off to a |level just above the reinforcing steel.
The 1989 CGeol ogy survey was conducted four years before the
| RF GPR study, and before the geotextile nenbrane and asphalt
concrete overlay was in place. The 1992 resistivity readings
were all taken in one lane. There is no direct correl ation
bet ween resistivity and de-bonded areas, and the conparison is
subjective. At this point, a determ nation of the accuracy
and repeatability of infrared thernographic and ground
penetrating radar cannot be made.

| MPLEMENTATI ON

Approxi mately five years after the 1993 | R GPR study,
anot her eval uati on of the Pol k- Qui ncy viaduct wll be nmade
using the sane IR GPR techni que. Conparisons will be nmade to
determine if the subsurface anomalies identified in 1993 are
al so found during the new study. The subsurface defects found
in 1993 should be found when the new study is conducted. One
woul d expect additional deterioration due to the five-year
time lapse. |If there is correlation between the two studies,
this will show the test nmethod is consistent and repeatable
and coul d be expanded for use on other structures and possibly
applied to a bridge managenent system

11
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